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Breeding for Efficient Production
of Eggs and Poultry Meat*
H. H. HYRE, C. J. CUNNINGHAM, R. S. DUNBAR, JR., and T. B. CLARK
TWO of the inherited traits that are of concern to people in the broilerindustry are egg production and growth rate. With these facts in
mind it was deemed advisable to study methods of improving these
qualities.
In previous work both egg production and growth rate had been
found to exhibit heterosis. Warren (1942), reporting on an extensive
experiment conducted over a period of 14 years, concluded that cross-
breds generally were superior or equal to the better parent for egg
production. Knox and Olsen (1938) found that the egg-producing
ability of the crossbred progeny was influenced by the parental stock.
In a later study, Knox, Gordon, and Mehrhof (1949) found that F
a
and three-way crossbred pullets involving White Leghorns, Rhode
Island Reds, and Light Sussex were superior in egg production, egg
weight, viability, and earliness of sexual maturity to both the Rhode
Island Reds and the Light Sussex. Unfortunately, comparisons were
not made with the purebred White Leghorns. In England, Dudley
(1944) found that crossbreds from Rhode Island Reds and White Leg-
rorns had a lower mortality, they matured earlier, and had a higher
mnual egg production than the purebreds. King (1951) found Barred
Ilross pullets out of Barred Rock males X Rhode Island Red females
setter than either the purebreds or the reciprocal cross for egg produc-
ion in three out of four years. Ghostly and Nordskog (1951) in crosses
nvolving New Hampshires, Rhode Island Reds, Barred Rocks, and
Vustralorps found about 10 per cent less mortality, 10 days earlier sexual
naturity and 9 per cent more eggs in favor of the crosses. Glazener
t al. (1952) found the greatest gains from two-way crosses of Rhode
sland Reds, New Hampshires, Barred Rocks, and Leghorns in the
lumber of days required for sexual maturity and in egg production. A
ligher incidence of broodiness was found in some crossbreds, which was
imilarly reported by Knox and Olsen (1938).
Undertaken as a contributing investigation in the Northeastern Regional Poultry
5reeding Project (N.E.-G).
The average body weight generally has been about intermediate!
between the two parents when Leghorns have been used as one parent
m two-way crosses. Warren (1942) made observations on three-wa^l
crosses and found them no better than two-way crosses. However, his;
test was made utilizing a crossbred male on White Leghorn females]
Brunson and Godfrey (1951) reported that crossbreeding did not result!
in consistent improvement of egg-producing characteristics.
Clark and Cunningham (1949) reported improvement in feathering
and breast measurement by the method of individual selection. In 195T
they reported a beneficial effect on body weight at broiler age.
Crossbreeding Experiment
In the crossbreeding work an attempt was made to improve eg
production and also to have good broiler traits in the dams of the broile
chicks. To produce these F x females a meat type New Hampshire wa
crossed on four different strains of egg-production stock. These strain
consisted of a small type White Leghorn, a larger type White Leghorn
a good egg-producing Rhode Island Red, and a good egg-producin
Barred Rock. These F
x
cross females were mated to meat type Dominan
White males to produce the broiler chicks.
Table 1 presents the egg production of the various strains anc
F± crosses. Production records for the Rhode Island Reds and the Barm
Rocks under the same environmental conditions as the other strains anr
crosses were not available. It is known, however, that they are bot
good egg-producing strains. The results in Table 1 show that the F
cross females produced at a higher rate than either of the parent stock
in the various crosses, with one exception. In the laying year of 1956-5
the small White Leghorn laid at a rate of 61.4 per cent, whereas the F
cross progeny from the New Hampshire small Leghorn cross laid at
rate of only 60.5 per cent. It is also of interest to note that the Ft progen
from the small type Leghorn X New Hampshire cross laid at a highe
rate than the progeny from reciprocal cross; that is, the progeny frou
the New Hampshire X Leghorn cross.
Table 1. Per Cent Egg Production on Hen-Day Basis
Year
w.v.u.
New
Hamp.
Small
White
Legh.
Large
White
Legh.
N.H.X
Small
Legh.
F
x
Small
Leg. X
N.H.
F
!
N.H.X
Large
Legh.
Fi
R.I.R.
X
N.H.
F
B.P.R.
X
N.H.
54-55 53.1 61.4 62.5 66.5
55-56 53.8 57.8 64.0 65.8
56-57 57.1 61.4 57.5 60.5 67.6
57-58 47.9 51.9 65.1 64.3
58-59 50.6 58.2 65.6 60.8 70.2
59-60 54.5 55.2 70.8 68.4
The highest production was made by the F, progeny produced by
crossing the Rhode Island Reds with the New Hampshire strain. This
was no doubt partly due to the production ability of the Rhode Island
Red strain used in this cross; however, the combinability of these two
strains played a part in boosting the production to this high rate.
The 10-week body weights and breast angles of the broiler chicks
are shown in Table 2. The progeny of the Dominant White male and
the various F, crosses are compared with the progeny of the New Hamp-
shire. It may be noted that in no case did the 10-week weight of the
progeny from the 3-way cross involving the small type Leghorn exceed
or equal that of the New Hampshire progeny. In the years 1958 and
1959 the progeny from the 3-way cross involving the large type Leghorn
lid attain a slightly higher body weight than the New Hampshire
progeny, but these differences were not significant, as may be seen in
Table 3. The weights of the broiler chicks involving the Rhode Island
Red and the Barred Rock were greater than those for the New Hamp-
shire chicks, with one exception. The highest 10-week weight was made
by the progeny from the Dominant White and the New Hampshire.
Table 3 shows the group differences in mean weight at 10 weeks
M: age and indicates where the differences are significant. It may be
loted that in the year 1956 the progeny of two different strains of New
rlampshires are compared. They are the New Hampshire strain at the
ixperiment Substation, Wardensville, West Virginia, and the West
/irginia University strain of New Hampshires developed at the Uni-
'ersity Experimental Poultry Farm at Morgantown, West Virginia.
Table 2. Mean Observations of Various Crosses at 10 Weeks of Age
Year
W.V.U.
New
Hamp.
Dom.
White
X F
x
Small
Legh.
X N.H.
Dom.
White
X Fj
Small
Legh.
X N.H.
Dom.
White
XF
X
N.H. X
Large
Legh.
New
Hamp.
XF,
Small
Legh.
X N.H.
New
Hamp.
X F
t
N.H. X
Large
Legh.
Dom.
White
XFj
R.I.R.
X N.H.
Dom.
White
XFj
B.P.R.
X N.H.
Dom.
White
X
New
Hamp.
Body Weight
(pounds)
1955 3.23 3.04 2.99
1956 3.18 3.09 2.87
1957 3.17 3.10 2.84 2.96
1958 3.02 2.96 3.08 2.77 2.81
1959 3.14 3.06 3.16 3.38
j 1960 3.17 3.13 3.33 3.51
Breast Angle
(degrees)
: 1955 82.5 80.3 80.0
1956 — — .
—
; 1957 80.5 76.8 77.6 82.1
1958 78.6 79.8 80.8 79.2 77.3
1959 84.5 81.6 81.4 82.1
1960 87.5 82.0 85.0 88.0
Table 3. Group Differences in Mean Weights at 10 Weeks of Age
For the 6-Year Period
Crosses Group Differences
1955 sx x wt. 4 3 2
1 New Hampshire X New Hampshire .026 3.23 .24* .15* .00
2 New Hampshire X New Hampshire .026 3.23 .24* .15*
3 Columbian X F
t
.026 3.08 .09*
4 Columbian X Fx .026 2.99
1956 sx x wt. 5 4 3 2
1 Sub. Sta. N.H. X W.V.U. N.H. .035 3.34 .47* .25* .16* .12
2 Sub. Sta. N.H. X Sub. Sta. N.H. .035 3.22 .35* .13 .04
3 W.V.U. N.H. X W.V.U. N.H. .035 3.18 .31* .09
4 Dom. White Rock X Ft .035 3.09 .22*
5 Dom. White Wyandotte X Fx .035 2.87
1957 sx x wt. 4 3 2
1 New Hampshire X New Hampshire .022 3.17 .33* .21* .07
2 Lancaster X F 1 .022 3.10 .26* .14*
3 New Hampshire X F
%
.022 2.96 .12*
4 Columbian X Fx .022 2.84
1958 sx x wt. 5 4 OD 2
1 Dom. White X F
t
(N.H. X Lrg. Leg.) .036 3.08 .31* .27* .12 .06
2 New Hamp. X New Hamp. .0i36 3.02 .25* .21* .06
3 Dom. Wht. X F 1 (N.H. X Sml. Leg.) .036 2.96 .19* .15
4 N.H. X F
t
(N.H. X Lrg. Leg.) .050 2.81 .04
5 N.H. X Fx (N.H. X Sml. Leg.) .050 2.77
1959 sx x wt. 4 3 2
1 Dom. Wht. X F
r
(R.I.R. X N.H.) .034 3.38 .32* .24* .22*
2 Dom. Wht. X F x (N.H. X Lrg. Leg.) .034 3.16 .10 .02
3 New Hamp. X New Hamp. .034 3.14 .08
4 Dom. Wht. X F 1 (N.H. X Sml. Leg.) .034 3.06
1960 sx x wt. 4 3 2
1 Dom. Wht. X W.V.U. N.H. .040 3.51 .38* .34* .18*
2 Dom. Wht. X (B.P.R. X N.H.) .028 3.33 .20* .16*
3 W.V.U. N.H. X W.V.U. N.H. .028 3.17 .04
4 Dom. Wht. X (R.I.R. X N.H.) .028 3.13
* Significant at the 5 per cent level.
Except for this one year all other New Hampshires referred to in this
study are the University strain.
Mass Selection Experiment
This phase of the research was conducted at the Reymann Memorial
Farms Substation and consisted of five lines of New Hampshires origin- I
ating from a single source. Lines 1 through 4 inclusive were selected J
lines, while line 5 was retained as a non-selected line for control pur-i|
poses.
The birds were pen-pedigreed only, and selection was based on
individual phenotypes for body weight and breast angle.
Throughout the 10-year period of this study the procedure has !
been to maintain two breeding pens of each of the five lines with ap-
j
proximately 90-100 females in each pen. From these breeding pens,,'
[as many chicks were hatched from each line as facilities at the station
would permit, and the chicks from each line were distributed at random
throughout the brooding pens.
Method of Analysis
The principal method of analysis consisted of estimating the
changes taking place in the several lines over the period of the experi-
ment by computing the regression of the mean phenotype on year of the
experiment. These regressions were consolidated into a single covariance
analysis which provided for testing significance of differences among
lines as well as estimating the rates of change. An analysis of this kind
is presented for both males and females for each of the traits— 10-week
body weight and breast angle.
A second aspect of the analysis consisted of an appraisal of the
Dbserved changes from year to year with changes expected on the basis
3f the heritability of the traits and the selection differentials attained.
The "observed" rate of change was taken to be the average of the re-
gression coefficients for males and females in each of the five lines.
F
The "expected" rate of change was obtained by computing an expected
change for each year within a line and then averaging the annual ex-
pected changes within a line to obtain the mean expected change for
that line. The annual expected change was computed from h (d l + d2j
2
where h is heritability of the trait, and tl l and d2 are the female and
male selection differentials, respectively. The heritability of 10-week
weight was considered to be 0.50, and the heritability of breast angle
was taken to be 0.40.
Results
The number, mean weight, and mean breast angle for females of
the five lines are presented in Table I, Appendix, and the same inform-
ation on males is presented in Table II. The trend in mean weights of
both the males and females of the five lines are presented graphically in
Figure 1, while Figure 2 presents the changes in female breast angle
and Figure 3 the trends in male breast angle for the five lines.
A definite upward trend is immediately apparent in the several
figures for all lines, including line 5, which was retained as a non-
selected line. It also seems quite apparent that in lines 1 through 4
the slope is greater than that of line 5.
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The analyses of these trends are presented in Tables III, IV, V,
and VI, respectively. From the 6th column in Table III one may observe
that the mean 10-week weight of females increased at the rate of about
0.20, 0.07, 0.08, and 0.05 lbs. per year in lines 1-4, respectively, while
the control line increased at the rate of about 0.02 lbs. per year. That
the slopes of the five lines do differ more than could be expected from
sampling, is substantiated by the ratio of the mean squared deviation
among regression coefficients (23.3477 lbs.-) to the mean squared de-
viation within lines (.0552 lbs. 2) .
Similar interpretation regarding changes over the period of the ex-
periment are drawn from the other tables and figures for weight and
breast angle.
An appraisal of the rate of change in these lines relative to what
could be expected on the basis of the heritabilities and the selection
i differentials is presented in Table VII, Appendix. In that part of the
table pertaining to body weight, the observed and expected rates of
change, with the exception of line 4, are quite similar, thus indicating
that changes in the lines have occurred about as would have been pre-
dicted from theoretical considerations.
The other striking feature of this part of the table is that it would
i appear that the upward trend in the control line should not be at-
tributed to an upward trend in environment inasmuch as the mean body
weight did not increase quite as rapidly as might be expected from the
selection pressure which occurred unintentionally.
The similarity of observed and expected rates of change in breast
angle may be observed in the last two columns of Table VII. Again,
the data seem to verify theoretical expectations.
Summary and Conclusions
CROSSBREEDING EXPERIMENT
The results obtained in this study from the crossbreeding work
indicate that egg production can be significantly increased by cross-
breeding.
There is likely to be a difference in the egg production of the re-
ciprocal crosses.
The growth factors of Leghorns tend to retard growth rate when
compared to that of heavier breeds.
F
1 crossbred flocks were obtained which possessed good egg pro-
duction traits and also good broiler qualities when mated to Dominant
White meat type males.
11
MASS SELECTION EXPERIMENT
These results show that mass selection has been effective in in-
creasing both the mean 10-week body weight and breast angle and that
the rates of increase in these lines have been very close to the rates
that may be expected from knowledge of heritabilities and selection
differentials. Thus the experiment appears to have verified genetic
theory of selection.
It seems worth pointing out that, despite the problems of genetic
drift, sampling error, and gradual inbreeding, there is much to be said
for including a control line in experiments of this kind even though the
numbers be small. Obviously, in this instance, it would have been
possible only to state that the body weight and breast angle in lines
1 through 4 had increased if line 5 had not been incorporated in the
experiment.
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